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Abstract
The diffuse part of solar radiation is one of the elements necessary for the design and evaluation of energy production
of a solar system. However, in most cases, when radiometric measurements are made, only global radiation is
available. To remedy this situation, we present in this paper, an analysis of the scattered radiation measured on a 
horizontal surface for three sites in Algeria namely: Algiers, Tamanrasset and Béchar.  We propose in this article 
models to determine the hourly ratio diffuse radiation / Global radiation received by a horizontal surface. The 
correlations established for the chosen sites were compared to the work of Liu and Jordan (1960), Orgill and
Hollands (1977), Erbs et Al (1982), DT Reindl (1990) and Chendo (1994).
The performances of our models were evaluated by conducting two statistical tests on the estimated diffuse fraction
of solar radiation. The first test concerns the simplified comparison of the composite Residual Sum Squares 
(CRSS). In the second test, we calculate the mean absolute error (MAB). The new correlations presented in this
study provide a significant improvement by reducing the standard error compared to existing models in the literature
at a rate exceeding 40%.
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Nomenclature:
Id : Hourly diffuse radiation (J/cm²)
Ig : Hourly global radiation (J/cm²)
I0           : Hourly global extraterrestrial radiation (J/cm²)
Kt : Hourly clearness index
          tK : Daily clearness index
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1. Introduction
The design, sizing and optimal management of energy systems require the knowledge of weather
conditions or instantaneous meteorological variables which influence the energetic solar systems 
performances. These variables must necessarily rely on rather thin statistical methods.
Liu &Jordan [1] established an empirical relationship between the daily diffuse radiation and the 
daily global horizontal radiation. They have shown that regardless of the latitude, global radiation is 
directly related to the clearness index: 32 108.3531.5027.439.1 tttgd KKKII . This original 
correlation is developed only for daily values. After that, other authors have developed correlations of 
the diffuse fraction specifically for hourly intervals. Orgill and Hollands [2] established a linear 
model based on data collected in Toronto,Canada. This correlation divides the state of the sky into three 
parts according to the value of clearness index kt. For the range 0.35 0.75 the correlation was 
represented by the linear expression tgd KII 84.1577.1 . Erbs et al [3] have used a new database for 
five weather stations located in the United States and have developed a correlation between 
the daily diffuse fraction and daily global horizontal radiation: 432 39.995.1145.22727.01 ttttgd KKKKII .
They also have determined the degree of dependence of the diffuse fraction on the season and geographic 
location. Reindl [4] estimated the diffuse fraction, using two different models developed with global 
and diffuse radiation measured on a horizontal surface recorded at five locations in the United States and 
Europe, the model is given by the following equation:  tgd KII 67.145.1 .
In our case, we have developed temporal statistic models of the solar irradiation for a given site with 
hourly pace, highlighting the direct relationship between global solar irradiance and its diffuse 
component. Three years of measured data of solar radiation of two Algerian sites (Bechar and
Tamanrasset) and one year of measurement for the site of Algiers, were used for this purpose. The 
elaborated models presented in this study are based on Kt, and refer to the models type established by Liu-
Jordan [1]. They are much simple because they require only one input variable, which is the hourly
horizontal global irradiation Ig.
In order to obtain with our models a standard error lower than that obtained with the models elaborated by 
the previous authors, our study has been divided into four steps:
In the first phase, we introduce the rough data, in a second step, these data are treated to examine their 
reliability and eliminate erroneous data. The third step concerns the establishment of the correlation 
between the hourly diffuse fraction and the global solar radiation for the case of the chosen sites of 
Algeria, and finally during the last step the improvements brought by the new correlations are quantified.
2. Data base
To elaborate a model for the diffuse fraction of the solar radiation adapted to our region, we have in a 
first step used diffuse and global radiation measured during years for three different locations of Algeria. 
These data were used to examine the influence of the clarity index on the diffuse fraction. In Table 01 are 
recorded period of times of the database that were used for selected sites.
Table 01. Data base
Site Alger Béchar Tamanrasset
Latitude 36.43° 31.6° 22.8°
Data period 01 / 01 / 1992 01 / 08 / 1990 01 / 01 / 1990
Data period 31 / 12 / 1992 31 / 12  /  1992 31 / 08 / 1992
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The data used in this study came from the National Meteorological Office (ONM).  At first, the raw data
are treated to ensure that they are sufficient and reliable because they determine the accuracy of the 
empirical correlations that are established and which are also the basis for the development of the models.
This processing (treatment) is done in order to identify the missing or the erroneous data. Thus, in the 
case of missing data, the corresponding area is filled by a series of numbers which indicates clearly that 
the measurements are erroneous. In the database, the hours corresponding to a missing or erroneous data 
are automatically eliminated. Similarly, the data having no physical sense such as negative value of
irradiation or diffuse fraction greater than 1 are systematically eliminated.
In addition, some basic rules have been adopted to overcome the data that could affect the correlations. 
For example, under overcast conditions (low values of Kt), it is reasonable to consider that a large portion 
of the solar radiation is scattered by clouds in the atmosphere resulting in a significant amount of the
diffuse fraction. These rules are expressed through case 1 and case 2 presented in the following.
The case 1 gives the limits of the diffuse fraction under overcast skies. If a hourly measure provides a
value of the diffuse fraction less than 0.9 for a clearness index less than 0.2, this measure is then removed.
Case 1                                        2.09.0 t
g
d Kand
I
I
Similarly, case 2 gives the limits of the diffuse fraction under clear skies.
Case 2                                        6.08.0 t
g
d Kand
I
I
These tests help to eliminate false data by minimizing the impacts that cause deviations in the 
correlation to be established. After processing the data which is a kind of filter, the number of hourly data
considered in this study is respectively for each site 1165 data for Algiers, 8238 data for Béchar and 7244
data for Tamanrasset.
3. Development of diffuse fraction correlation
To our knowledge the models of the diffuse fraction of global solar radiation, found in various 
literatures, treat the case of the solar radiation in countries situated in the northern hemisphere of the 
world (Europe and America). These models are not adapted to the climate of our country which is 
situated in the southern hemisphere. That motivated us to develop models of a diffuse fraction of solar 
radiation which is specific to our region. 
All the models show that the ratio Id / Ig can be established in three regions or intervals according to Kt.
For very low values of Kt the ratio Id / Ig is close to unity, this region of the sky means that the sky is 
completely covered. Beyond this region, the ratio Id / Ig significantly decreases until it reaches its 
minimum, this region is considered as representing a partly cloudy sky and then Id / Ig is relatively stable
for values of Kt close to 1, this region corresponds to a clear sky. The delimitation of the state of the sky 
by the values of Kt varies from one author to another. 
In our study, the different range of Kt mentioned below, are determined according to the density of points 
of the diffuse fraction and the pace of its change for different sky conditions as shown in figure 01.                       
87.087.0175.0175.00 ttt KKK
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Fig.1: Measured data of the diffuse fraction versus clearness index for the site of Béchar
These limits are adopted in response to the criteria of minimizing the standard error of correlations.
The models developed for three Algerian sites are as follows:
For the site of Bechar
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For the site of Tamanrasset
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For the site of Alger
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4. Comparison of the three models developed for local sites 
The diffuse fraction models developed for the Algerian sites identified as Ktcor, defined by the equations 
above 1i, 2i and 3i for each site are plotted in Fig.2. We notice that there is a gap between the three 
models. This is due mainly to the local weather conditions and the geographical situation of each site 
which are related to the latitude of the sites. As the country (Algeria) is very wide, the altitude is 
comprised between 20°N and 36.5°N, the solar potential is very high in the south and in the centre 
compared to the north (Algiers). This is clearly shown by the variation of the diffuse fraction 
where 87.0175.0 tK . These correlations are similar to those established by Orgill et al [2], Erbs et 
al [3] and DT Reindl [4] as it is shown in Fig. 3. Each of these correlations has been done on the basis of 
data proper to the location considered by the authors.
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Fig. 2. Correlation of the diffuse fraction for the three Algerian sites
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Fig.3. Correlation of the diffuse fraction given by several authors compared to Ktcor
5. Models validation
To validate the models established for the local site (Béchar, Tamanrasset and Algiers), it is necessary 
to compare them to those proposed by other authors. For this purpose, we performed statistical tests on 
the estimated values of the diffuse fraction of the solar radiation obtained with each model considered in 
this study using the data of the site of Béchar which are taken as a reference for the comparison.
The first test is a simplified comparison of the Composite Residual Sum of Squares (CRSS), defined by 
the following expression:
2
mesgdestgd IIIICRSS
                                                            (4)
The second test is to calculate the Mean Absolute Error (MAB) given by the following equation:
NIIIIAbsMAB mesgdestgd
                                                           (5)
est mes
CRSS and MAB calculated for all the models considered are compiled in table 2.
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Table.2. Comparative results of statistical tests applied to the new correlation and a group of existing 
models in the literature using the model Ktcor (Bechar) as a reference.
MODEL CRSS MAB
Ktcor (Béchar) 120.432 0.0962
Ktcor (Tamanrasset) 128.993 0.1045
Ktcor (Alger) 154.837 0.1077
Liu-Jordan 229.342 0.1331
DT Reindl 241.305 0.1454
Orgil and Hollands
301.726 0.1663
Erbs 305.426 0.1622
In the table 2 we notice that the correlation established for Béchar shows the lowest value for the CRSS, 
this means that the model of Béchar is the best suited model for this site. We notice also that it presents a 
MAB error which is the lowest and near zero.
The two other models developed for Tamanrasset and Algiers when applied to the site of Béchar are less 
accurate by respectively 7% and 28%. However, the CRSS and MAB obtained for the models of DT 
Reindl, Erbs, Orgil and Hollands and Liu-Jordan when applied to the site of Béchar are less accurate 
compared to the model of Béchar by a rate comprised between 47.5% (Liu- Jordan) to 60.6% (Erbs) and 
are less suitable for our local sites.
6. Conclusion
Taking into account the differences in climatic conditions specific to each terrestrial hemisphere 
(north and south), it is imperative to develop models for the sites of each hemisphere. In the article we 
have shown that the models we have developed are more adapted to our local site than those established 
for the northern hemisphere. Our models are more accurate in such way that their standard error is 
reduced with a rate of at least 47.5% when compared to the previous models found in the literature. Our 
proposed models can help the sizing and the evaluation of the solar energy systems with a great accuracy 
for our local sites.
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Appendix
Clearness index Kt definition:
The clearness index Kt is defined as the ratio of the hourly value of global horizontal solar radiation Ig on
extraterrestrial horizontal global radiation Io: 0IIK gt .
The hourly value of the extraterrestrial global radiation Io is calculated by the following expression:
sinsinsinsincoscos
365
2
cos033.01*3600*12
12
12
nGIo SC                  
The declination and hour angle are expressed by the following equations:
n284
365
360sin45.23 &     TSV12*15                                                    
the declination vector formed by the Sun-Earth with the equatorial plane,  
: stands for the hour angle calculated at a specific time,
: refers to the latitude of the site, 
n : the day number of the year,
Gsc : the solar constant equal to 1367 W/m2
TSV: True Solar Time Value.
